The objectives of this study were to determine the amounts of total and available heavy metals in some Egyptian soils and their relation with some soil properties. Five soil profiles; two from Kafr El-Sheikh Governorate located at south Kafr El-Sheikh city and south Baltim city to represent Delta soils and three profiles from El-Beheira Governorate located at Housh-Eisa, Abo El-Matameir and Mariut to represent Delta fringes soils. These profiles were chosen to cover as far as possible the Delta soils (Fluvial and Lacustrine soils) and Delta fringes soils (Sandy calcareous and Alluvial calcareous soils and Calcareous soils) at the northern part of Egypt.
INTRODUCTION
Heavy metals are the most widely recognized and used term for metals having atomic density greater than 6 gm/cm 3 (Alloway, 1995) . Also, heavy metals are those elements having densities greater than 5 gm/cm 3 (Sparks, 1995) . Heavy metals are also classed as "trace elements" because they occur in concentration of less than 1% in the rock of the earth's crust, Alloway (1995) . During the last decade, they have been paid increasing attention owing to their frequent occurrence as soil pollutants. In addition, some of these metals are essential for plant growth, the adequate supply of which is of a great importance in agriculture. The evaluation of potential hazards, when pollution occurs, requires knowledge's of the normal contents of these metals in soils (Rashad, et al. 1995) .
The sources of heavy metals are parent material, commercial fertilizers, liming materials, sewage sludge, irrigation with contaminated water, capillary rise of contaminated groundwaters, coal combustion, metal-smelting industries, auto emissions, and others (Sparks, 1995) . There are different sources of heavy metals that adversely affect soil properties, especially microbiological activities, plant growth, animal and human health. Hence, they present risk of toxicity depending on their rate of transfer from soil compartments to the soil solution, plants, groundwaters and more generally to the food chain. In Egypt, emission from automobile exhaust, high use of fertilizers and pesticides as well as the industrial activity are the main sources of pollution by heavy metals such as, Zn, Pb, Cd, Ni, Mn and Cu (Shahin and Abdel-Tawab, 1988 , Morsy, 1990 and Omran, et al.,1996 . Rabie et al. (1989 and reported that heavy texture, non calcareous and Nile alluvial deposits have the highest micronutrients content, Aeolian sandy soils attain lowest, while calcareous soils display an intermediate case. Highly significant correlation was observed between both total and available micronutrient and clay, clay+ silt, and organic matter content rather than those with mineralogical composition, Rabie et al. (1989) , Abou El-Khir (2003) and Dai et al. (2004) . Soil pH, Eh, exchange capacity, organic matter content, soil texture, oxides content, exchangeable bases and clay mineralogy had great effects on the distribution and uptake of Mn, Cu, and Zn and sorption of Cd in soil (McBride et al., 1981 and McLaren et al. 1983 ). Heavy metal adsorption varies among soil types and may depend on one or a combination of soil properties (Alloway, 1990) . Soil proprieties, often correlated with metal adsorption, include soil pH (Christensen, 1984) , soil CEC (Harter, 1979) , soil organic matter (Gerriste and Van Driel, 1984) and clay content (Korte et al., 1976 .) However, direct cause-and-effect relationships between soil properties and metal adsorption are difficult to determine because soil properties are often intercorrelated. Correlation analysis may inadequately describe these relationships because correlation does not ensure that a direct cause-and-effect relationship exists (Wright, 1921) . The current study aimed to determine the total and available heavy metals in some Egyptian soils and their relation to some soil parameters.
MATERIALS AND METHODS
Five soil profiles, two from Kafr El-Sheikh Governorate located south Kafr El-Sheikh city and south Baltim city to represent Delta soils and three profiles from El-Beheira Governorate located at Housh-Eisa, Abo El-Matameir and Mariut to represent Delta fringes soils. Samples from the different soil layers were collected to represent some soil types in Egypt Fig.1 . These locations were chosen to cover as far as possible the following soils types:
1-Delta soils:
A-Fluvial deposits. B-Lacustrine deposits.
2-Delta fringes soils:
C-Sandy calcareous. D-Alluvial calcareous.
E-Calcareous.
The soil samples were air-dried, gently crushed, passed through a 2-mm sieve. Some chemical and physical properties of the soil samples were determined according to Page (1994) . The EC of soil was measured in the soil paste extract by electrical conductivity meter (Model 4320 JENWAY), the pH was measured in 1: 2.5 soil-water suspension by pH-meter (Model 420 A), total CaCO 3 by Collins calcimeter and O.M. by Walkly and Black method. The particle size distribution (Sand, Silt and clay) was determined by hydrometer method.
Fig 1. locations of soil samples collected from the Nile Delta and Delta fringes
Total content of heavy metals (Cu, Ni, Cd and Pb) in soils were determined using hot extraction with aqua regia (Cottenie et al., 1982) .
The available amounts of heavy metals in soil samples were extracted by 0.005 M DTPA solution buffered at pH 7.3 (Lindsay and Norvell, 1978) . Both total and available heavy metals were measured by Atomic Absorption Spectrophotometer (Perken Elmer 380).
Statistical analyses were carried out by using computer programs according to Snedecor and Cochran (1967) .
RESULTS AND DISCUSSION

Soil properties:
Some soil physical and chemical properties of the studied soils profiles are presented in Table1. Data showed that fluvial soils have relatively heavy texture in all layers, where the clay content was found to be around 40% and the texture class is silty clay.Lacustrine soil is characterized by their heavy texture in the surface (0-30 cm) and subsurface layers (30-70 cm)where the texture is clay loam and changes with depth (>70 cm) to light where the texture was found to be sandy clay loam and silty clay loam. Sandy and alluvial calcareous soils are nearly similar particularly with respect to the dominancy of sandy clay loam texture except for top soil layer (0-28 cm) in sandy calcareous soils which was loamy Regarding the distribution and content of CaCO 3 , the fluvial soils recorded the lowest value of total carbonate content (an average of 4.1%) whereas the calcareous soils recorded the highest value (an average of 30.1%). The amounts of total carbonate content tend to decrease or increase with depth according to soil formation circumstances and land use.
Table1. Chemical and physical properties of the investigated soil profiles
Values of Electrical conductivity (EC) had wide range in Delta soils which varied from 2.32 to 84.8 dS/m in surface layer for fluvial and uncultivated lacustrine soils. In fluvial soil, EC values tend to increase with depth, whereas in uncultivated lacustrine soils took another direction which decreased with soil depth. This may be due to the effect of sea water intrusion and upward movement of water table (El-Shahawy, 1994) . On the other hand, EC values of Delta fringes soils ranged between 1.74 and 10.1 dS/m (in the upper soil layer) and tend to slightly increase with depth in sandy calcareous soils. In alluvial calcareous soils, EC values increased in subsurface layer and decreased in the deepest layer. This may be due to increase of total carbonate content which led to form confined water table and encourage upward water movement and in the same time decrease water deep percolation.
Organic matter content ranged between 1.78 and 2.02 % in Delta soils and from 0.21 to 1.3 % in Delta fringes soils. The lowest values of O.M. in delta fringes soils may be related to the low rate of organic matter addition and high rate of decompsion as compared to Delta soils. The values of pH, generally ranged between 7.95 and 8.6 for all soils under study.
Concerning, the cation exchange capacity (CEC), their values ranged from 40.6 to 33.66 (meq/100g soil) in Delta soils and from 8.34 to 21.14 (meq/100g soil) in Delta fringes soils. It seems that CEC values correlated mainly with clay content of soils.
Total and available heavy metals in soils:
1-Delta soils:
Table2 showed that the surface layers of Delta soil contained higher amounts of total and available heavy metals (Cu, Ni, Cd and Pb) than the subsurface soil layers which decreased with depth. This may be due to the cycling through vegetation, atmospheric deposition and adsorption by the colloidal materials. The results were similar to those obtained by El-Sikhry (1985) , Elsokkary (1994) and Abou El-khir (2003) .
The contents of total Cu, Ni, Cd and Pb in Delta soils varied from 246.3 to 102.5, 186.3 to 100.0, 9.85 to 1.85 and 175.0 to 60.0 mg/kg, respectively. Whereas, the DTPA extractable values of these metals were 11.8, 0.78, 0.21 and 0.37 ppm, respectively for the above mentioned metals, for fluvial soils and 11.4, 0.80, 0.023 and 0.22 ppm, respectively, for lacustrine soils. Generally, total values of these metals were higher than in the natural concentrations in soil which were 100 ppm for Cu, Pb or Ni and 5 ppm for Cd (Tietjen, 1975) . Data showed that, the average contents of metals varied from one metal to another and from one soil to another. Therefore, these metals can be arranged, according to their contents, in the order: Cu > Pb > Ni >Cd. With regard to soil types, lacustrine soils recorded the lowest amounts of heavy metals as compared with fluvial soils. These results agree with those of Elsokkary and Lăg, (1980) , Rashad et al., (1995) , Aboulroos et al., (1996) , Meshref et al., (1998) and Abou El-Khir, (2003) .
Regarding the relative percentage of available to their total metals content; data showed that, this is increased in lacustrine soil compared to fluvial soil for all studied metals. The mean values of this ratio were 6.13, 0.47, 0.63 and 0.34 % for Cu, Ni, Cd and Pb respectively, in the fluvial soil and were 11.73, 1.78, 1.09 and 0.57 %, respectively in the lacustrine soils. This my be due to the high clay content in fluvial than lacustrine soils. Table 3 showed that the average content of total Cu, Ni, Cd and Pb in soils varied from one metal to another and also from one soil to another. Therefore, these metals can be arranged according to their total contents in the order: Cu > Pb > Ni >Cd. With regard to soil types, the contents of total Cu, Ni, Cd and Pb in soils varied from 57.5 to 120.0, 62.5 to 95.0, 2.3 to 4.65 and 39.5 to 69.5 mg/kg, respectively for the surface soil layers. This indicates that alluvial calcareous soils recorded the lowest amounts of heavy metals, whereas sandy calcareous soils recorded the highest ones. The amounts of available metals varied in a relatively narrow range and the average were 2.11, 0.16, 0.035 and 0.20 mg/kg for Cu, Ni, Cd and Pb, respectively. The values tend to increase with depth among soil profile except for total Cu in sandy calcareous soil which decreased in subsurface layer and increased markedly in the other layers.The mean values of total metals in Delta fringes soils were generally higher than in normal soils, while, the available contents were lower than in the normal soils (Tietjen, 1975) . These results were similar to those obtained by Elsokkary and Lăg (1980) and Aboulroos et al. (1996) . The percentage of available metal relative to the total were nearly similar, and varied, generally in a narrow range, from 1. Heavy metals relation with soil properties: Table ( 4) showed the correlations between total and available heavy metals and some soil properties. The values revealed that the metal content is mainly dependent on soil parent material, organic matter content and cation exchange capacity of soils.
2-Delta fringes soils:
Highly significant positive correlations were found between clay and silt % and total and available heavy metals. Fine-textured soils retain more Cu than coarsetextured soils. Apart from the clay content, the nature of clay mineral in soil also governs the retention and desorption of Cu (Srivastava and Gupta, 1996) . Heavytextured soils are richer in Cd than light-textured soils. The retention of Cd by montmorillonite clay is at least five times greater than in the case of kaolinite (Khadr, 1961and Zachara et al., 1992 . High charge density sites are supposed to hold metals more strongly than low charge density sites (Ziper et al., 1988) .
Organic matter revealed positive correlation with total metals and available metals except available Cu. Srivastava and Gupta, (1996) found that Cu strongly binds with both soluble and insoluble organic matter in soil and peat soils retain a substantially high amount of Cu (130-190 meq/100g).
There were highly significant correlations between CEC and either total or available metals.
On the other hand, negative correlations were found between calcium carbonate and total and available metals. Calcareous soils retain higher amounts of Cu than other soils because of their greater adsorption of Cu on CaCO 3 particles. The adsorption of Cu by clays and organic matter also increases with the increase in soil pH (Srivastava and Gupta, 1996) .
Generally, soils having high clay content, CaCO 3 and cation exchange capacity (CEC) retained more Ni (Estan et al., 1987) . Soil organic matter metal-complexes and soluble organic compounds can increase the solubility of Ni and consequently its availability in soils. Low pH increases the solubility of Ni (Uren 1992) .
It has also been reported that retention of Cd increases with increasing soil pH and consequently, Cd availability in the soil decreases with pH. High pH favours precipitation of added Cd as CdCO 3 (Eriksson, 1990) . Humic substances form strong complexes with Cd (Petruzzelli et al., 1977) and reduce its mobility to lower horizons. The solubilization of Cd by organic matter occurs in the pH range of 7-8.
The content and solubility of Pb in soils decreases with pH, CEC and available phosphorous. Lead forms relatively insoluble and stable chelates with organic matter (Srivastava and Gupta, 1996) . Conclusion Heavy metal contents in the studied soils are affected mainly by the geochemical source or soil parent material. The effects of extensive use of agrochemicals, practices of mechanization and atmospheric deposition are generally of secondary importance. Many authors suggested that soils should be protected from excessive inputs of heavy metals by fixing maximum acceptable levels of these metals in soils, corresponding to the amounts which will not cause any risk for crop failure or water pollution and human health. Cautions should be alarmed to prevent the continuous accumulation of these metals, which may finally lead to the soil pollution at a toxic level. To reduce dependence on agricultural agrochemicals, to promote cultural practices and to introduce and implement proven biological and alternative control technologies by integrated pest management.
